






















                                               
1 While maintaining a focus on repetition as a conclusive test, Allan Franklin (1986) discusses other 
several strategies for enhancing trust in experimental results. Chapman and Wylie (2016) provide an 
excellent discussion of triangulation as a key strategy for testing the robustness of inferential reasoning 








                                               
3 An excellent review of the various ways in which the term replicability is used in the life sciences, 
with explicit reference to the distinctive phases of research projects, is provided by Shavit and Ellison 













Experiments		Most	 experiments	 are	 carried	 out	 under	 conditions	 that	 are	 less	 tightly	controlled	than	clinical	research.	Such	experiments	are	best	described	as	semi-
                                               4	This	is	what	Julian	Reiss	called	“experimental	paradigm”	(Reiss	2015).	
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standardised:	 that	 is,	 where	 methods,	 set-up	 and	 materials	 used	 have	 been	construed	with	ingenuity	in	order	to	yield	very	specific	outcomes,	and	yet	some	significant	 parts	 of	 the	 set-up	 necessarily	 elude	 the	 controls	 set	 up	 by	experimenters.	 Typically,	 it	 is	 those	 ‘non-standardised’	 components	 that	 yield	the	most	valuable	epistemic	insights	for	researchers,	by	generating	confounding	results	 and	 enabling	 the	 exploration	 of	 new	 phenomena. 5 	One	 example	 is	research	 on	 model	 organisms,	 where	 researchers	 have	 spent	 decades	engineering	the	organisms	to	conform	to	specific	morphological,	developmental	and	behavioural	standards,	and	yet	the	behaviour	and	structure	of	the	organisms	remains	in	part	unpredictable	(a	veritable	‘sample	of	nature’;	Leonelli	2013)	and	highly	susceptible	to	subtle	shifts	in	environmental	circumstances,	ranging	from	nutrition	 to	 lighting	 and	 temperature	 (Ankeny	 and	 Leonelli	 2011,	 Reardon	2016).6	Another	example	is	psychological	experiments	on	social	groups	selected	because	 conforming	 to	 given	 physical,	 social	 and	 behavioural	 criteria,	 and	 yet	presenting	 unforeseen	 sources	 of	 variability	 of	 potential	 relevance	 to	 the	outcomes	being	generated.	A	third	notable	case	is	that	of	brain	scans	and	other	types	 of	 brain	 imaging	 in	 neuroscience,	 which	 are	 often	 affected	 by	imperceptible	 shifts	 in	 the	 subject’s	 mood	 and	 metabolism	 despite	 the	 tight	control	exercised	by	researchers	on	external	stimuli	(Turner	and	De	Haan	2017).			Within	 this	 type	 of	 research,	 it	 is	 common	 to	 find	 complaints	 about	 how	contextual	 differences	 between	 laboratory	 settings,	 research	 objects	 and	 other	environmental	 circumstances	 compromise	 the	extent	 to	which	 researchers	 can	aim	 for	 reproducibility.	 And	 yet,	 many	 researchers	 working	 under	 these	conditions	 do	 not	 aim	 for	 direct	 reproducibility.	 Some	 run	 experimental	reproductions	 to	 spot	 sources	 of	 variation	 that	 may	 prove	 significant	 when	interpreting	 the	 data	 at	 hand	 –	 for	 instance,	 in	 the	 case	 of	 results	 obtained	on	model	organisms,	when	establishing	the	extent	to	which	a	given	outcome	can	be	reliably	imputed	to	organisms	beyond	those	originally	used	in	the	study.	This	is	an	interpretation	that	I	will	call	scoping	reproducibility.7			Others	 prefer	 other	 yet	 interpretations.	 One	 is	 indirect	 reproducibility	 that	focuses	 on	 obtaining	 similar	 results	 from	 the	 performance	 of	 different	experiment	(what	Radder	called	replicability),	and	constitutes	a	useful	validation	tool	to	see	whether	results	produced	under	variable	circumstances	converge	or	not.	 Another	 is	 what	 Felipe	 Romero	 calls	 hypothetical	 reproducibility	 (or	
                                               5	Mary	Morgan	(2012a,	296)	introduced	the	idea	of	confoundment	as	resulting	from	an	experimental	outcome	challenging	researchers’	existing	knowledge	of	the	world,	and	thus	leading	to	the	discovery	of	new	phenomena.	This	is	contrasted	to	the	surprise	triggered	by	model	experiments,	where	discovery	concerns	the	world	of	the	model,	rather	than	the	world	itself.	6	A	recent	Nature	article	complained	of	the	difficulties	in	controlling	for	environmental	variability	within	studies	on	mice:	“Mice	are	sensitive	to	minor	changes	in	food,	bedding	and	light	exposure.	It’s	 no	 secret	 that	 therapies	 that	 look	 promising	 in	mice	 rarely	work	 in	 people.	 But	 too	 often,	experimental	treatments	that	succeed	in	one	mouse	population	do	not	even	work	in	other	mice,	suggesting	that	many	rodent	studies	may	be	flawed	from	the	start.	Researchers	rarely	report	on	subtle	environmental	factors	such	as	their	mice’s	food,	bedding	or	exposure	to	light;	as	a	result,	conditions	 vary	widely	 across	 labs	 despite	 an	 enormous	 body	 of	 research	 showing	 that	 these	factors	can	significantly	affect	the	animals’	biology.	“It’s	sort	of	surprising	how	many	people	are	surprised	 by	 the	 extent	 of	 the	 variation”	 between	mice	 that	 receive	 different	 care,	 says	 Cory	Brayton,	a	pathologist	at	Johns	Hopkins	University	in	Baltimore,	Maryland.”	(Reardon	2016:	264)		7	I	thank	Mary	Morgan,	Hans	Radder	and	Stephan	Güttinger	for	discussions	on	this	point.	
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‘conceptual	 replication’	 in	psychologists’	 jargon;	Romero	2017):	 the	attempt	 to	obtain	outcomes	that	match	those	predicted	as	implications	of	previous	findings,	thereby	 confirming	 the	 reliability	 of	 the	 previous	 findings.	 Both	 these	interpretations	 of	 reproducibility	 lean	 on	 the	 idea	 that	 convergence	 across	multiple	 lines	of	evidence,	even	when	they	are	produced	 in	different	ways,	 is	a	mark	of	 reliable	 research	 (a	 ‘tangle	of	 support’	 in	Chapman	and	Wylie’s	 terms,	2016).		
4	Reproducible	Expertise:	Non-Standard	Experiments	and	Research	on	Rare	
Materials			There	 are	 also	 experiments	 where	 control	 over	 environmental	 variability	 is	extremely	 limited,	 and	 standardisation	 very	 low.	 These	 are	 cases	 where	experimenters	 are	 studying	 new	 objects	 or	 phenomena	 (new	 organisms	 for	instance)	 and/or	 employing	 newly	 devised,	 unique	 instruments	 that	 are	precisely	tailored	to	the	inquiry	at	hand.8	Researchers	then	focus	less	on	controls	and	 more	 on	 developing	 robust	 ways	 of	 evaluating	 the	 effects	 of	 their	interventions	 and	 the	 relation	 between	 those	 effects	 and	 the	 experimental	circumstances	 at	 the	 time	 in	 which	 data	 were	 collected.	 Direct	 or	 indirect	reproducibility	 are	 not	 helpful	 concepts	 within	 this	 type	 of	 research.	 Notably,	however,	 the	 idea	 of	 reproducibility	 does	 not	 completely	 disappear,	 with	researchers	emphasising	the	reproducibility	of	the	expertise	–	the	specific	skills	and	 interpretive	 abilities	 –	 underpinning	 the	 conduct	 of	 research	 over	 the	reproducibility	 of	 the	 outcomes.	 I	 will	 refer	 to	 this	 interpretation	 of	reproducibility	as	reproducible	expertise,	and	define	it	as	the	expectation	that	any	skilled	 experimenter	 working	 with	 the	 same	 methods	 and	 the	 same	 type	 of	materials	at	that	particular	time	and	place	would	produce	similar	results.			Appeals	to	reproducible	expertise	are	also	characteristic	of	research	on	materials	that	are	rare,	unique,	perishable	and/or	inaccessible,	such	as	depletable	samples	stored	 in	 biobanks;	 unique	 specimens,	 such	 as	 specific	 botanical	 finds	 or	archaeological	remains;	or	materials	that	are	hard	or	expensive	to	access,	such	as	very	 costly	 strains	 of	 transgenic	 mice).	 These	 materials	 are	 not	 amenable	 to	repeated	 investigation	 as	 required	 by	 the	 direct	 and	 indirect	 forms	 of	reproducibility.	This	does	not	constitute	an	obstacle	to	using	such	materials	for	research,	since	the	uniqueness	and	irreproducibility	of	the	materials	is	arguably	what	 makes	 the	 resulting	 data	 particularly	 useful	 as	 evidence.	 The	 onus	 of	reproducibility	 shifts	 instead	 to	 the	 credibility	 and	 skills	 of	 the	 investigators	entrusted	 with	 handling	 these	 materials.	 Apposite	 methodologies	 have	 been	developed	 to	 cope	 with	 the	 impossibility	 to	 directly	 replicate	 the	 findings,	including	 vetted	 access,	 cross-samples	 research	 and	 the	 centralisation	 of	research	 in	 locations	 where	 several	 researchers	 can	work	 together	 and	 check	each	other’s	work	and	ensure	its	reliability	for	those	with	no	access	to	the	same	material	sources.			
                                               
8 Ed	Ramsden,	Rachel	Ankeny,	Nicole	Nelson	and	 I	discussed	models	of	organisms	 that	 include	environmental	 features	 and	 are	 uniquely	 tailored	 to	 the	 specific	 goals	 of	 a	 given	 inquiry	 as	‘situated	models’	(Ankeny	et	al	2014).		
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